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[57] ABSTRACT

A process to fabricate a specified height and cross-section of
Microwave Monolithic Integrated Circuit gold posts com-
prising a patterned conductive substrate overlayed by an
adhesive layer, a matrix layer, and a photoresist layer. Using
photolithographic techniques, gold post locations are
defined in the photoresist layer. m Gold post locations and
cross-sections are defined in the matrix layer. The adhesive
layer at the gold post locations is removed. The gold post
locations are plated to form gold posts. The matrix is etched
and the adhesive is dissolved.

5 Claims, 3 Drawing Sheets
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REACTIVE ION ETCHED ASSISTED GOLD
POST PROCESS

The purpose of the invention is to provide a means of
fabricating gold posts of a desired cross section and a desired
height. The posts serve as conductors and spacers for
Microwave Monolithic Integrated Circuits (MMIC). Con-
ductor length is minimized, inductance is better controlled
and backside processing is simplified. Wafer thinning can be
eliminated as can through the wafer vias.

An objective of the invention is to improve high fre-
guency MMIC performance and utilize three dimensional

packaging to reduce system size. This objective is accom-
plished by enabling designers to take advantage of the low
dielectric constant of air, selective ground plane placement,
low inductance grounding, low loss transmission lines and
off-chip coupling. Designers have found that gold posts on
microwave circuits accomplish this objective. Gold posts
permit flip-chip mounting to hybrid microwave circuits.
This mounting technique climinates bond wires by replacing
them with well defined conductive paths and controlling
circuit inductance.

Microwave monolithic integrated circuits are finding
significant usage in commercial satellites and defense
systems, €.g., communications and smart munitions.

Packaging is one of the major costs in the manufacturing
of MMIC components. Efforts are being directed to develop
multi-chip module technology which can be produced at
lower cost.

A multi-chip module package should aliow not only
smaller size and higher component integration but also
lower loss while keeping the cost of the assembly low.

Packaging which incorporates gold post technology has
many merits. Such packaging allows three dimensional
integration thus reducing the size of the microwave compo-
nents housing. It further reduces MMIC fabrication cost by
eliminating backside processing. It allows interconnection
of several MMIC components on a motherboard, thereby
reducing cost while giving low loss performance. Bias
network capability with such packaging is possible on a
separate motherboard which can be integrated with MMIC
chips leading to three dimensional capability for multi-chip
module, such as a 47 GHz power amplifier gold post
assembly. Another packaging merit is the use of low loss
inverted microstrip transmission lines and off-chip coupling
for input and output signals. This packaging also allows
network designs with coplanar waveguides or balanced
transmission lines. Lastly, this packaging method provides
an efficient heat sink through gold posts, low inductance
ground through gold posts, while improving dependability
with the elimination of wire bonding, and reducing parasit-
ics.
The prior art method provides smaller height gold posts
which are fabricated and limited to the height of thick
polyimide films. The entailed thick photosensitive polyim-
ide films are patterned with vias in which the gold posts are
plated. This method fails to obtain uniform polyimide films
greater than thirty microns thick. Thick polyimide forms a
bead at the edge of the substrate and the bead causes mask
substrate separation during exposure. Light scattering results
in ill-defined vias. Gold post height is determined by plating
thickness and is not greater than the polyimide thickness.

The problem to be solved is a means to fabricate a
microwave monolithic integrated circuit’s gold posts having
specified heights and cross-sections not pre-determined by
the limitations of films. Another problem this invention
solves is fabricating gold posts of greater than ten microns
in height, preferably as high as 150 microns.
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2
SUMMARY OF THE INVENTION

The invention is a process which includes bonding a
matrix which can be mechanically lapped or thinned and
reactive-ion-etched through the matrix to a patterned sub-
strate upon which the gold posts are to be plated. The
adhesive, matrix, and patterned substrate, is bonded to a
lapping support disk. The matrix is lapped to a thickness
near but greater than the desired post height. Using semi-
conductor photolithographic techniques, the gold post loca-
tions are defined. Gold post location vias or holes through
the matrix are reactive-ion-etched. The gold posts are plated
to a thickness equal to or greater than the thickness of the
matrix. The component comprising the matrix and plated
gold posts is lapped to the desired post height. The matrix is
disabled or chemically removed exposing the gold posts.
The gold post substrate is demounted from the lapping
support disk and diced. The die can then be parallel mounted
via the gold posts to a complimentary circuit.

The above and other objects, features, and advantages of

the present invention will become more apparent from the
following detailed description taken in conjunction with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

An embodiment of the invention will now be described by
way of example with reference to the accompanying
drawings, according to which:

FIG. 1 is a schematic drawing of the method.

1A illustrates the support disk for lapping operation

overlayed by a substrate which is overlayed by an adhesive
that is overlayed by a matrix,

1B illustrates the photaresist overlaying FIG. 1A,
1C illustrates the gold post locations formed,

1D illustrates the stripping of the photoresist layer and
dissolving of the adhesive located at the gold post locations,

1E illustrates the plating of the gold posts,

1F illustrates the removal of the matrix,

1G illustrates the dissolving of the remaining adhesive;
and

FIG. 2 is a schematic drawing of the present invention.

FIG. 3 is an enclosed drawing of FIG. 2.
FIG. 4 illustrates encasing of FIG. 3.
FIG. § illustrates a side view of FIG. 4.

DETAILED DESCRIPTION OF THE
INVENTION

A fused silica substrate (14) which can also be aluminum,
silicon, or sapphire illustrated in FIG. 1, is patterned with
transmission lines, gold post locations, coupler pads and
possible other features. e.g., selectively placed ground
planes. The patterned substrate must be conductive in order
to plate the gold posts. A thin gold surface (not shown) on
the substrate is used to provide continuity for electro-
plating, and is later removed as described hereinafter. The
substrate is sandwiched with an adhesive layer (16) between
a lapping support disk (12) and a GaAs matrix wafer (18).
The adhesive layer (16) is a resin type material like
Novolak® resin that has a low etch rate during reactive ion
etching of the matrix. The matrix (18) overlays the patterned
substrate (14). The matrix (18) is chosen because it can be
lapped to a desired thickness, reactive-ion-¢tched, and can
serve as a mask in a gold plating bath.

The matrix (18) is lapped to a desired thickness. A
photoresist layer (20) is applied. Using photolithographic
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methods, gold post locations to be etched in the matrix (18)
are defined in the photoresist layer (20).

The gold post location holes (22) in which the gold posts
are to be plated are reactive-ion-etched. The defined photo-
resist layer and defined matrix layer areas are removed.

The undefined photoresist, which remains, is stripped (24)
and the adhesive layer (16) where the gold posts are to be
plated is dissolved (26). The adhesive composite is dissolved
in a two step process. The first step is to apply a solvent such
as isopropanol alcohol which dissolves the adhesive layer
material. The last step requires removing any remaining

solvent in the hole, this can occur by drying. The gold posts
are then plated (28).

The matrix (18) and gold posts (28) are lapped to the final
gold post height correcting any non-uniformities that might
arise during plating. The tops of the gold posts may be tinned
(30), e.g., with evaporated or plated tin or indium to facili-
tate bonding to a complimentary circuit.

The remaining matrix is etched (32). The remaining
adhesive layer (16) is dissolved as set forth above (34) and
the thin gold conductive surface (not shown) on the
substrate, used to provide continuity for electro-plating, is
removed by sputter etching.

The gold post substrate (40) is demounted from the
support disk (FIG. 2) and mechanically diced to separate the
die. The packaged module is formed by mating the MMIC
and gold post die by aligning the position and then heating
the solder for attachment. The die are mounted parallel to
complimentary circuits by aligning and heating.

The gold post process was utilized in the packaging of 47
GHz power amplifiers. A packaged power amplifier chip
using a gold post die is shown in photograph 4. Fused silica
was used for the bias network and the chip is mounted to the
posts on the fused silica. This technique is applicable to three
dimensional packaging for millimeter wave phased array
interconnections, millimeter wave components for radios
and multichip module interconnect packaging

New features of this invention include 1) gold posts
fabricated to a specified height and cross-section, 2) gold
posts lapped to a specified height, and 3) the invention
employs reactive-ion-etched vias in which straight-wall gold
posts are plated.

There has been shown and described a novel process to
fabricate microwave monolithic integrated circuit gold posts
that have a specified height and cross-length not pre-
determined by photolithography film limitations. Many
changes. modifications, variations, and other uses and appli-
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cations of the subject invention will, however, become
apparent to those skilled in the art after considering the
specification and the accompanying drawings which dis-
close preferred embodiments thereof. All such changes,
modifications, variations, and other uses and applications
which do not depart from the spirit and scope of the

invention are deemed to be covered by the invention which
is limited only by the claims which follow.

The invention claimed is:
1. A method of making gold posts suitable for a micro-
wave monolithic circuit, comprising the steps of:

applying a conducting surface on an insulating substrate
to provide continuity for plating,

overlying the conducting surface with a semiconductor
material having a desired thickness,

applying a photoresist onto the semiconductor material,

defining holes at respective locations through the photo-
resist and the semiconductor material by photolithog-
raphy followed by etching to remove the semiconduc-
tor material,

plating gold in the holes to create posts of desired height,

and removing the semiconductor material and the con-
ducting surface on the substrate which surround the

posts, leaving the posts directly on the substrate.
2. A method as recited in claim 1. and further comprising
the step of:

applying gold to the substrate to create the conducting
surface, whereby, the conducting surface and the posts
are the same metal.
3. A method as recited in claim 1, and further comprising
the step of:
applying an adhesive between the semiconductor material
and the conducting smrface, and removing the adhesive
from the holes.
4. A method as recited in claim 1, and further comprising
the step of:

lapping the posts in the holes and the semiconductor
material to a desired height whereby the height of the
posts is accurately controlled.

S. A method as recited in claim 1, and further comprising
the step of:

applying a conductive material to the posts before remov-
ing the semiconductor material and the conducting
surface which surround the post.
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